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S > lilU 

? j4iD AjuU - jlft) 4JS - dbLk JU^/j 
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Abstract oail* - \ 

6^ — 2 *J*iJ SjAUJL 4j&\r. S-UxJ Sikia ^L^aj jxo^ | ^ 

J_*L Cilffl <»J Jij ^jaJ ^jkJI O /<\y\ ^ j\ ^j 

o-^ uV» >- 3 -» cylc- 4l*aJI eljjl i.l vir.. l 

^ O' fJSSL. jjc JsjjAj CjUo , jVl Jajj* ^4 JUu ^ j]t JJA ^| 
v* O'-^J JiS (jii JL-fljjlj tiSSajj jljaaJI Jja«j % 4 Cj sOalj 

£jtu]l <J Jj Ciaj diaa. (jilall ^uljjjaJ! CjU jOI plja>] JjLu Jj ^., 

j—i« 1 J° i>*& ^aa. plj 4jjj jjilJl <Jil <Ua Jjjjj ^JuJI ^34 S.U l 

ts— ^ c^'j AaaJa^J! Cuaa alaall ^_j ^ala j 4aj^l oU Jaj a£U j ~ . u ',1 j 

c^a-S — *13 <-L_Ii ikaa. U Jajj AjjSII <^4 £&j* Majkj ^ jaa^ ^jSkjj jaa T j£ (Jac. 

^ J ( XRD ) AaiuJI Jjja. 4ijJa 4kua.l jj Jjlaal l ^ulaj cliiuj 
^jll C 1 J 4 JI gh ^jSBj c.laa!l jl^a <> uU ( DTA ) 

L-^aUjia JaJs ^ jlaa 4ajoJI j 0 a. j US Sa^all j jUa .^1 dSi 2 j JSUj jjASl ^ 
L O^JJ o±j*M ^jjl j caaj j^ILj^^JI ^ ^ 

(j^-akllj A^ljOt j> Jauj iCalacljjj Cabl^l Ojj^j CjUU^I J) Ua 

Ol—jjia. ^^Jc. L-^alj^l jUaaVl ^UaJ ^ LSwl I La j jSaJI 4 ^ 1 ^ 
t “ J - > “^ a ' tAjjlajll Jja.j ^ jUa-V' Ut ^4 |UL Ua 4iik j^Uaj AjAa. Ja^lSI j 

oh c ^uVl jjUj ^^11 SjLB jUjyi CjUJ ( SEM ) <kj_* u ^i« ^ 

(*^->— ’J *5 ol — a.ljjalj Cilaaojj ^Jajj Olaall j tl^JSla ^1 ^ j Ua l^aUjia 

•ti J^' » J-» < — ftiill l> AajU-aj ^Oa!! 




Introduction -Y 

j-— (j-JJ ^Sll 4 jj&I o- (jLju jJtfl 03^ 

&J 3 £+J}J (jjjLuJI jj1{*1\ JjSJI ja j\ ^ ^jaJI 

^—3 J JJ ^ <jilljjjll >3 J-Vl 4 liji Jflj ^ o > o/«\ Y 1 JJ 

£jL-i v* Jftn eu ( P 1 11A ctf JJA J1I 

(') *""* jBl * >-A is .(n 1 ) fij jSVl i .jAlfflj i^J\ HW,.. 

.(Y 4 ^) 
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‘-iU J&U ^Vl U“4-»N) ufl^H 4J <J*-aj ^jII AluJI <IUJI (^ ) JLi 
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Aij—ill AjIUJJI £32 UVjl 4jja^ j ^ j <> jjSij 

£j' — “ CS — ^ J— iwj <Uklill ^3 4-ulillj SJijlx. SjluJI (jljxa ^Jc. Jkjj 

^l_JI 3^ia l^j2 ^bSyi £jU ^ JLjj <u>J) 4*jiJI JLpAJI ^ J&Lillj 
li— ^ *^a*^' A^\jl\ <*jl^>llj jV ' ( SJjiLJI ) jiioll aA Jib ^1 

J3J — aB 4 — Ja.1J| SjLo*]I jjc Lai tjjlluAi jbljLn.lirt (jllMj Ia jkj e^lj 3ii^ jjc. 

1 — $A\ Jj2 <LkbiA sl£jj AjjjiJI AjJjiaJI A+*.\ jll J^jaII Jiiall isjj 

el — ia ejjJ JSaJIj ia.jjj (S ak! jA qa L_sLuj l$jk«j 3JajU 3jja»a. (JjU, jJ ^jjL 

.<A^j"lA 




4_ CS^" Jib (jJj -^L-a ^j^Sk. jjuLiU ^.$Vij JJaiai-a j<m A^.jjj 

jLi cjL A^A ejluu (_ylc. j l$J Aa j^UI ebaJL AjSII 2aj Cul£ ^Jl Jull ^1 (jljj t_iL 2^*.a 
^ 0— 4 *» M 1 1 1 J * ■" il k^ b ^ja AjjJa J Cjb 4 \j k*i i ii a e^jg « ■ ^ <^Ljia ^Jl ^ J jj 

ej_Jlo (— L-ai jjc ejLc. i-j ja-a C_)ijAA ^Sjaill t j .1. w * l ! i,».^ 

Ij'nwdjl 1 JC. e jilt jA j jj^Jl J] jUwaSj jl*j ja jLL 

.( ^ ^ 4eJ aa. a J .AjcLaJj! oijlij Cjlj AjSUa L ««■"< Cukij 4-j j-v-s. i - ^ UN ,, 





Field Observation ^ -r 

^ ^ ^ aJU Ail om oa^U <JijA\ 

IjX-M, di-^a. 5u»uji3l aIasJI AjjS^c: <iS5 j 4 > Aa ^ 1^ 

< ~* iJ JJ-.J <jill j# ( ^jJI ) ^| ^1 ^ 0 | ^ iai^, 

Ci-^JJ ( f' <±*J ^jjJI ) 4jU1 CjJM J43 jj^Sill <ja.u]1 ^j*j] ^jjjj 

e J#4 t> Ufl^ll ^ Jilt ^ <J»iLu Aju Ujfl l^c. j,-J.-,.,V/l 

C^L_^Jlj j^JI ,^-Sj fJjD Sj^iS ClUS JJ AiLja'yL SJ jii^j ^Q | l » Ala 

^ CjLJS^Ij Ajjftl j CiULL Jja.j <jJ U- ^SjJI CujlS ^| j 

.(Y) a^jIHj ^Ij ^ US jjaoJl jlj^JI 




<J4]I JiSihj CjL-JSsU ;AjjjVi JL* anil jAlk* aja*]| ~ ■ ~y (Y) A^j] 

*> ui,LJ ?\±J\ ^o] ^ijjS olUl JJ ^ jkull J>UU ^ us 
<»j at <> * jSj <u u ui3U jj *(r) a*^* j* us aBuuj ^ ulLu 

oj-Jaa. £j>S .ija.j Jj flaSL. Jji Jaj*] C^Jajju jiull ^ *|jj j*j jiv^l <] 

^jLa A~ Lm u'j^' LW gr» Jj^j jVl ^ -LjjAj oiiUj 

^Ij_aJ Jjlfcj t (r) A^jIL ^Jalj JA US iUjU^I J4 ttji. jljiaJI ^ ■ ,!■>. 

CjUjS-i Adfij ^SjaII l^iuJaj AjjoII £jlHll ^ vjjrf]] A^SSjjsJi CjUjaJI 

CjIjL^LLVI JJ AiLb^b yj AjjLjll (J^Uaj AuaJoJI C^J »L*B ^'J...^ : 

Sj5>ll AiHLJI oat jAlik- aja^j Jiuil] jsaJI ft Lb aIjJ oL-UHj 
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>lka o- ^ (r) ^jj 

^s— 3 JajjAj siiljj SjJai 7-j>; Jl AiU^] ^UjJ! 

■(j'j-^' s -^ ajLic. «.l^>aJ 4 _xa l_i-v j ' . ..I Lm /ji j u 



^.Ui] iLuijjjaJl ljIuiI jil| - i 

^aJ| ^ ^ ^jlll £Uai Jc. ^ij«sll ^uij^Jl OU jJ 
^L_nJI -ilj—* (j^S^kj Oliji* 'Jc. v_ij^]| djjj SiU^yL Aa^J Ciau oLJt V J 

~;^ij LaS liUij 

. 4_x ^k « ii ! 1 Coj jLiaSI j AjjUI iliLuil jj : \ — f 

££>aj IfjliJa jJjjj 4jja!) 4juJa 4-wljj :\~\~t 

U Ijla Y . J^L ^ jilJI £ ^ ^.Ly au_p CuS 

.( ^ajaoJI iiU>j jSA* - Hi u_iL ) j£U ^Vi <j-M> JjS ,> 

V — ^ ) (* J J— 21 (> ^LL (jc i jUc. <*S jaIL ajjjJI <„ n k ji ( ^J a ji 

^ *>» 1 J C t3^ C5^J J*— t> >ku ( 

' :—iaJ -" O* U^*-> (Je. <j jia^ll -j jaaJl j^JI J; , U-, 

Lp=jVl UJ^Ala J> IjL. Y . JaC- Jc. -UcJI 4jl*j ^ ^>^1 CjUjj^ill e kb 

(^) (J£iillj jA LoS AjjiaJI ^ij-aj 




-vnt- 




, jSA*II JA1 AjJjJI ^UaS (t*) (JSai 

oSXofl £Ajaj AaaJxyJ) Cvxi »LaJ1 ujmu <jaUA t — 1 — i 

* -uiL« (J1 _j— — ij j_j& slxoll (-jJ_jjuu1a *WmvII (Jil J JPjA j_3^ Ja4jj 

^ n*T) f—lj f »n 0 • (Jjlu w£U jiw 1 §j ji* *\ JjU'j S_^ajj Y jUai 4 <<j"i...M i 

(j— 4 (JaC- ^jj i _ya j$\ ^Jajj Ait a jjjaiLall ^^icl AiLoi^iail (jA liljL Jaju SjjauLoII 

C5^ — 4 C5 — ^ J J— ^ J oLiaII I-J j^ ua ;jAj5 jiiAjjjuJI a jjjjiL# ^jJc.1 JjiaJI 

_ ) u ^ J* (3 A& <UaJauJI CiaJi alxaJl c-Ijaaia jji liua. .\iivll <ja <jjc jam! 

(JasjSH L-IjjoUa (jA 
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63.UJ! Aj rkh yJI Oaj JjU-.t ) f _ ^ _ i 

c^Vi o* WLUij 411 J»j 4 ^ai <-41 ji „ j 

,»4Ji < 4 = pta (1 ) jJj Jj^ji 41 ( ph) 4^ 



^ <^4^' Jtjlajl! ^dajj ( ^ ) J \j^ 



( PPm ) Ojj1*2I &a f ja. 

V^ At 


' 


(_uS jj!I 

SjKII Uljll r iuVl 


> rvo 


NaHCOj 


— = — - - • c. 

_).^iil (-_ iLj jj j<\ 1 1 


rAn 


NaCl 




HVt 


S0 3 . , 


dujdil .WSi (iiftj 



A ,‘' PH ( UojaaJl ia.jj ) ^Vl 

• ( XRD ) AjjU) CjLLfti A- jn i J I 4**£V1 Jjja Aij> 4ku»l jj JjU-.ti j <Lw,| j^Jl t - t 

^ J! ^ '^ji oa-ull Wak j»laJI ILjdl ^ daUo ^ 

-:^L US glUill CjjlSj 1*1 <u^l dab ,jSJ| ^_k uijwll 

Si0 2 JUj^'j CaC0 3 cuuJl£]! ^ ^ ^ jsaJI l*Jc ? Uuii 
( £ ) ^ ^ NaCL CaS0 4 .2H 2 0 ^ ^ J] ^v/l 

U^Lkdj L_*l cUill ft l^j ^ I ^ 4jikl! 0J u. ^ ^ ^ ^ 

• ( DTA ) t# kbliill (JjIjsJl (JjkSilj l*jk Ui j*aJlj tui&lj uu yi 
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( DTA ) JaLall 4ljjls ‘Uxwljj 4 jjI 1) ulLc A-uiljJ T-i 

(J— jIajII ^1'A"' .,il i I ^ jV. ^ULoJI jj a jjjjjt 4_uil j.} 

•~:^ii La£ ^tilijll cA£> j ( DTA ) ^Ljaliill 

0) <Aj -4^ 

(_g — ill 4 — jjla jll jajj JjjAi. Oxi 4Ju*]1 9 j$l ^jjJal idll j jl jxll ( J ixlal l 4_uil jii 
L_aS if I 0 V 9 jl j_a 4a. jJ (» AY jt A j* Sjljx 4 a jJ .lit 4ii*]1 Ig-ilc (JjjaI 

4a ji .lit (illl&j f n £ Sjl ja 4a jJ .lit ( OH ) jAaSjjO^il tlAt jaAal djOx 
<2 — it I— <al i i—i — jj jlL j j-alj jail (jixa ^^It 4jj*ll t - 1 jaI ( _ s Jt (_J-^3 I- 11 J* J j» Y A ♦ ‘Jj* 

jj—LII j— a Jj J jSlI jj**l Transformation J j^i Jj:a ^Sa f ©va SjIja 4a jj 
(°) JS_wll t B - Phase-Quartz jj—LII J] a - Phase-Quartz till 

.4Ju*il ai^J | DTA ) ^U>)UlH (JjIjaII (Jilxill (J iAia 

(Y) ^Sj 4jj& 

S-ijAjall 4 j jla jll jajj tlijix Jaj 4_n*J| 0 j^J K ^jIjaII ^jaiaI! 4jJ jJj 

C . il r . j ) < v\ al .113 djjlA 1 a jj ^ © • SjIja 4a jJ At SjIja 4a jl lie. 4 jut T1 > 

ts — It (Jjj Lxa f ©AY j f iVi j f YYtSjl jaII CjIa ji ijt { OH ) JauS j jio$ll 
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^ ^ Cijjftd ^ 

vL-iUai ^ jl - > - J 0) f— S j Jm ,/vAi Sj i_p. i^_p 




(jSiAfl fUj J)j* 4-uil jj t-i 

jl^Vi o~i ^ Xj ob-B »Uil Jj Ail^yu ^i ji^Vi .-^--, 1 
^jjaSJVI I J Polarizing Microscope 

*1*— I j* JoLul! ^ us Scanning Electron Microscope ( SEM ) ^Ull 
5 j-?^1I 6- ^4j* 1 X- Ray diffraction (XRD) <mJI 

-: U£ gSlSill CiiUj <jSajl£^lj <±LjM ^1 ^U] AiU^ytj £L&\j 

jUaSu USlja.jjlJj JU. \-i-i 

>-^Vl uii-J ^j_jaJ! ja^Ji ^ Thin Sections AiJj cjUUoS i^j ^ 
S^ 3 --ll MjS— JjS^l IkJj, 1^1^ OiaLSlI ^ ^ 

jL-^Vl j -I jdlj u- O^j ob-l t> oSUV <tU, cUUnill 

Fine - grained u^l ^ c! Jjh _L ^ ^ ^ ^ 






^ JSU1I oli o. I U.1S cljjUl ^ _*Js us .Calcite 

Iron Oxides j* cW; j*j US Euhedral Dolomite Crystals 

u^-iU. J! olelUH cJjjU J# Sjusull iliUi _pU< Uiu. oiiiir ^ 

tJ _j ^ crL,>JI ,> »)>!_, oUjU_, jjjjsi ^ ^ Jj?ij 

vjS-..uM U^J* ^1 .j.r.Y.t f lij j^jSj Nummulites SP. 

.dllcUaiil eOgJ u. 'Ua-'....U 



u — ~ ^-rc/yv {JJ04UUA1I jnU».,., 

Jj—ulSI Jjakj ^4 Cn.i Jl£Jl (JJju ^ 



t 4l l 



T 1 tf 13 .('I s -fn 

jJaJ! mS-aJI Jllarl 
.4. 1’nK i 1 (jiLtAll j Aj .v^I I 



' ^13*^ (40X <jj.laL*i»ll jjj; JaSl ■ all) 

iilSI i_a 

* Cjfi t.”i i * j\ 



i__uaall <Liib 

• , ‘ 'a' * ' 



all 4ia3J 4j. n-i ^i 4a 4a u^JI , 

Jj Ail-Jaj (AajaLll _p 



jaucaJi j 




(40X OJJ-Lu-ll oiM^) m c^apU^(r) Sjj^ 

.uuLjill uAjjto> <j* *lj*J ^J] 4iLbj tAaiff^iujl j lj^J| 




U — a ^4?*^ (40X (jj.lalxLal! (jjuLiSjjkAAilJ t- iJaSluiAll l_ij£Lj j^SoaII iLiaj £■ ' US / £ \ 

4? — (j^*A (jA t-lpoll 4 ju 3J AjjJajt <J Jj U' <J uaJI (ja^afl 

^ C-H 3 — Jl] AiLi] tXjkUl^ jijLallj 

£*L»2i aJxujI^j j ^uiljoll T — t — t 

Scanning Electron Microscope ( SEM ) 

oUia*] ( SEM ) ^ aa> 1a !I | 1 aJslui) £^aj| 

C^ 1 JJ^ Ji“^ £* <uOxaSI CjLmaJl (jjj <aa!sUI SjUU l$j!.}Sa J2 laJI 

4 — iu]l <-4 a .Jaj jlaL^Vl JSb IgJL-aajl J l$££jj Lu> jLa^k.^1 tlAj j£a jju 

LS — 1! ClIjjLB CjlijL# (_paxj 4j|j] 4-jjJajll CxaAl ■■> IaS t$j 5oli,l.i]l 

' ^ U^jj 4 _u^xaII CjliuaJ l l i l u iL a J <■ — al at Jj CjJ CLilc. I ^3j Cjl^ai ''jyj 

• A i V ( “l i 0 ^15 jl (jA 





V^.C SEM - X 1000) Caau uaJI AaoJl jUa! ,-iA to\ - 

siuTuiouj tjyaj cj jU 43a < sC3? y c '^s 







-vvr- 



( XRD ) A^iuJi Ajuivi JoM J r-t-i 

jU^vi > -r-t-t 

CnJUJI 0^- c> UJ 0jS2 juJI *UJ j ^ 

^ NaC1 ^ *> Si02 jSjljSI ^ jj iiUbyb CaC03 

.(V) JLiHj ^ia JM jA 



33 CC-I 




Major: Calcite ( Cal.) 
Traces: Quartz (Q j 
Traces: Halite (Hall) 



j 

j 


so 


22 :• o 

1 \ o 
+ i — 

o i ": 

2 i« 


; ^ -i. v. 

si pi! 


J * 
3, 


i 




~ ;! CJ 

t jU 

S N V^V- / w “ 


f jQjJi 

.»%/•'* Uv^K V^sJ V 


j 

~jt 

■ 3 



(jaaJl jL»J <>i <jj*] <ulJI iUjfyl (y^ 



AJj^l Y-r-t-i 

a^i Jjw ^ CaC03 C^iiai o. UJ j ^ 

Nacl C^jyi ^ ^ Sj ^ ^ ^ ^ J, Si02 ^ ^ ^ y(cj 

. QSolllj ^ La£ 
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r-r-t-i 

jA L«£ NaCl fjA U.J (jjS2 (jl ijA jjjjj 

.ijc, A£. Aj Ajljiij AAl «.LolI Aj^aU-ialalj jiajj W> . , J < '- 11 ^1* jAj JSjilLl 

.•jljaJt ^ j* 5 jLpjl 




. (jilftll (^a £^<*1 Aju*J AaLluJ) AjuiVi l«-t ^ J J<-t. 
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jU^U 4 ^UuIlj ^ ij 5 j, t _ t _ t 

Physical and Mechanical Properties of Stones 



WM ^1 jiJ 4U&J ^ ^ 

, ‘j“ J ^ <ijj * Jl jL^bU o^l _^| ^ ( Y ) ^ 

: 03^11 jU^V fiSjilMj ^>31 ^ (Y) ^j 



^ j>l ‘ ; \*£&y\ 

(MPa) (KlPa) 

mi.v r,( 



ifwf* 4 j* t lil . H .Ul) yJLalJ 4 , 

(MPa) (%) (% 

'°.t n,r \ y,^ 



-M 5SB 






( T nfc) 

T, • t 3 .,:n 

Discussion of Results gJ&fl -o 

^ (°j ^ CiJ^O ^jsn ^UaS j AaiSjAaJI oUj^ll * 1^1 J^U ^ 
t>J ^ ^ •* > V 6 ~ o-Ji l «> 

•i^Vl Uji JiJ 4*31 jJI ^J51I .j*j ^UiVi ^ijLX p^ai ^ v (i 
^_L > 1 — k. ljUJI UJi ,.ILJ! ijjil »j* Cm^j J3j ( f mr -a ' ; .1 1 ) 

^Uj J*jij iiiUDj aisji i*» i**»i 

*(0 ^Jalj JA US clj^Vl 




C-U^ 1 ^1 ^,^1 <ILJI (S) 

.^l>Vl lP-j Jk gb' ^ *'>VI u^u jU^jlj tSjflWIj aLUI 

5a_-uj UalvL l^cj V-jUj 2 ^ j0j I^JJC . Jj uju^ ^ CjjliLj 

*( t ( j, - *^ 1 ^ ' <-«Luii ) l^ a ^ r . j stuJI oIa ejjAidoj l^ja o1_l<J1 

^ Jj *^1 Cjbl^Vi jli AjjjJI ^ jftl Liidl JUJ ^ Lv, r j 

IL^ JodL^I Imj o-^'j vj&ll J) <jjj] 1 c^Lu^ ^ ^ ,U! 

J-rF- -^J— M-5' lM ^] '-o' ^-“3 JJJ3U v jA J lakiL) Ua jjA <jjlj J3 t 4jJi3| 

L^aJi ^ CjIjU^jI UbJj £ jjAj <Uc. ^lljj jl^l ^ aijJ L^.ji ( J^L a 

<J' J»VI fOC .j J£U* 4^1 jJ J>1 j>j ( 1 ^ t5 £j ) L^JjV' 

^ ^ ^ ^J3B U-»> <-t JJ (> ^ J ^ <jjSVl ^LJI J j^J 

.( Aboud, 1993 ) <ajjL jll ^1 j^j 

J-^lj ( XRD ) <ji)_^l! ^iVl <kJ _* ^ _( Y ) 

iS jiao 63^11 t*Jc ^UaII <ajj j ( DTA ) c^jl jaJI 

(3_J jla <> tjSliLiSU (ji J«2 ^1 5JiUl jjl** jjSI jAj Cui jlljj-jjjJI Jc. 

‘iLJjj L-*i* frLJI ^J> :uc AJlc aajoj oilAj^U ^ jCu l$j] US *LI1 ^l.^- M i 

l— ii*jjVl J— a AAja_waj l£jL»Ii ^ (jua^i^a (ja jjS jj (Jjja. ^Iuj£]| AjjSjj ■_';■■■; 

Ajc ) plol] L^Ualal jjSI jj£j ^UlLj A (jc Jjjj Uj n, 4a)..,JI J 

o® 2 * <-?-^ aJIc. dilLu J Ijjl <jji]| »'M. _,V,1 . 

^l_i5 J_^s5 W]j A-Jajll yui JJ l^jJI fr UI J^aj ^ Lai <iUJI 4JUJI 

«“-k <J>1I t> ^ iMJi CjL »UV lj 4,. -^un 

(Soil swelling) Ajjil! oililj! ^il j ^ jil o^j*^ ^ jILjj-uijAll j > 
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J- * il ^ ^ v* j ^ jMII W Hi, I JjJ ^ 

‘u'>^j ) (_Ul£ 

jWVI ^ iiVl t* f. T J< j% ^ ^ W*J| ^ elj j| M>ai> j ^ ^ 
^yu vjja ok. oi<^ dus_, iiui ^ o^i ^ ^ >4J 

dii-Sj 34*11 oiyaij jjiii .i*. ^ ^uji i,ja olid* 4lj4 , j, 

o' *( t • • t j-jjj .ajiuja Sj *ub ) jUj\ j. ^ .^j, 

.UJ V>4 3KOI OJUij ylUll ojl .u, ^ <^1 .gj, £lfi j 

s ~^ vj-» .1* jsuu Jm&p. v>a ,u.j ^ ^ ^ 

< ^'““" Oj *4 3 £ 4 ^^vU*I^^ > 0jjL , £ ^ j_L, s>la 

4 jji!l Jj vS.>a*M > Cunl. T if j- 

•( f' ,1r V UI “• ) 1 * 03 , <JjA'l yiOJI OL.L.V .UII 



oUa,^ <>-Ji u^j ^ sjaIjHj a^Vi ^Uii j dii J| yioyu 
^ ° MI ->*““ ^ ^ <#a» J cpM W *>j >W^j f 3 £ jaij 
WiJI ^ *U Oils O*. <jUsi» 03., .LJL OUI ak. s^tffl 

Uj ° lj ^ ji V -' >/ iUI <&>*> 'j* (Jj <d j5 rfS. Jj < 4 * Jc ^jUIl 0*3 3, •■■■I I 
A (^a Jt&jJ LK^jVl 0*3 l.lj*j* Jlj u Oljlj* <J* <njl* J* 

^ *>-> W* u. ^jftri ouJ j ^ Sjj ^ ^ 

•( f' ,,i ^iW) U JJ»* ,J! lSAJjj t*jk. <*UJ 



^-^.jlljjj^^J jOu Lojtilj i_uui yjU* j* J ^ 

j-isa A3_JI J^j ^ Ojlfi ,U o* oLl^ Oio» J.UJ Jjjfflj 

^ ^ W» I-Ctaj SJM U. lij -1 j* 3 Bj UtLS 

ij 1 _JS_, (Richardson, 1990 ) ^1 .i* ^ UU ^Vl ■•,l.v..« ^ 3 **,lj 

u-ifll v-> J-Ji of-i U. o^jVl «j* Oil j lUiUl yi , jVi ^ oOUVl ^ 
iiij_*ii o_c A^jUj i 3 j*ji Joij jiSjVi yi j. J>a JM ±J ^ 

^ ^ ^ ^ ‘ iU ^ 1 ^ *w iljiy E jua jLJI ^ ^ 

uj* fiidi <ij3» ,> ydj 3£*c. du J j*3 diiij ( f mr , fitijj jji.) 

0J ~“ ’-* iU ->^ l>— - LSJ-^J > 1 J<= y*c yj* fjj <ij, yiull 
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.L+J! aiLiyb > r jt jc. **dui ^ 0JW ^ 

,-!jtj ” ci>-U. v bi ^lilbj #Loj ^i ol£ ^ ^ 

<> ^ ^- ,UJI ^ ^ UXJ ^>i Jj iji <> AjJiib Jj^jJI 

.(=) ^jllb c-Jj > US ,l>Vl <> JS11 J^lj tjjJj 




J><i ' ^ <A» J^'j ‘J-jj» *£ j>; .cljelja ,> ^ (o) ^ji 

J L)ii— J1 visual vjS-jjSjJI *M JJ jUaiU ^ jJ ^ in il l ^ ^ _( r j 

SH-pUll .ji Cu^tsi ^ ^Ul JSi u&i .Ml sjUS .fjiU ^ J^JI J^j, 
S-lihll ujU^ M-iW Jj Cu^JI ^ ^ jjjj Si^ dj) i Jj a;i...y . 
^ JiUsi Jbjj Juj jWlM ^ yi j*S Jj obji=Jlj >....i<i j 

jL^Vl biUjS. ^ rfLUll 4ilois ^ l^jij l *iSuV OLjiJ d JSj ^jiJI 
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( Komar, j **j j U^ Vl (JStj (^11 ^ oys ejlja^sj dilc.1^3 ojaj ^11 (jojj U« 

.1979) 

•J-3” V" ( SEM ) kuLoJI ijj^lVl t-j i i i j j SU s H ^Jajuul^j (jaaxill <j a *• - Ul — ( £ ) 

(JJ — J A aa ^Ul ooLall L^jIoSSj 1 (jlj <joi Lui jU^SU AjjOxaII OljjLall (jjj 

<^) j*Sfl o*vu jLjo ^yll AiLja^L ( Lewin, 1984 ) CjLu=JI 

^ ! J <— i*— *-<a AlLo^l: jUaSU Aja. jUJI In . u V I AaILIa j (J£tjj <» ft* >/i j 

( Vitina, jjLj J*L Aj**^ Ja j*-Jaj (JjI L>° Uj jLo*SU ^ikloll 

.(1996 

CP '~ *1 1 plij jtj-al ( XRD ) A j M ml l A**iVl 0 JJA. 4 U.J j< (Jji^allj AjJjOll qa (JJJJ — (°) 

t_U — udl£ll jO — xa 0 — « ^ — uiLuil (J£*lj jj£jj jLxik^l (jl 4jjO**a]l l^jljjS-a ^Jr_ l a j,'\\ 
(^r 1 - 1 — *-* U — * Ajj-ftll U1 Cnll^llj Jj jl jSil ^Oxa J*a Aoioij Oja.j AiUa'/U 

*** U&* Aiic. JJau U tCull^ll <j0**« <> Ao**o Oja.j yk Jjj jfillj ■.-",. .I K II 

11_Aj A_jj^lj jU^Sfl CAij^A qajS* 0>j <^oll ClJl^ll jtL. Je ojljc. ^ ^Ola^l (ji 
*' — W^lj '— J L* a J jjAOill j (— ilUl aJU (jc. (Jj ‘u , « . nl l jA £tlcll I1 a (jl ^Jajj 

Hygroscopic Salt ajV dljj ^-Uloll U*tb J i^uJ ^ *1^, 

iic. aJj^joij fUl oSii t*llo£j Ao tia . < i1 1 Ia jjj-aj AjjLjII ji «.Lill (j -3 Lusala'i 0 0:0*111 4 -"US 
1 *■* 'oja « jjlu Sole] AlLjj ^LJI jjLj ^1 (_jOj j Lo*a ojl^sJl Aa.jO ^lljjl 

( Lewin, 1984 ) j jU^Vl JSLj dii: ^UlLj Cjbl^lj i, 9 Uj ^Jj ^oyj 

^ Lf~~^ Ia^A 1 JjJ (jl _^OaJl (^JIjIIjj AjjoIIj Aj^Ja^ll ^ j" ^ ■» ojjjjj i. '» 1 < i*n<. 

9^1— AjjxjjJI A jw*> l ■%! ! A Ji * i l l jj (jl jOaJl (jJI Ajjlll (j^ Ajjki-a (_Jj]La**a AliA ^Ic. ^^LaVl 
j — « A .kY\\ A (^Llia ^ ^-XaVl jjliu (ajljaJl CiLa.jO ^lijjl ^11 Ajujj) jA "1 1 Cj^Oxa 
l^jjOj (^jll (_jlol^A.Vl (j4 0)0*11 (^11 AjO j*i l j. ?k L > ul (_jlc. j\ jLajkbU Aolxloll 4_ilill 

u' ^ .' ^ » 4i lj _jA LaS La Aj^all JalLuijj (jj4*lll (.^a t — iloll lo * (j,j 0:0*11 ^11 

.( Hewell,1984 ) ^oJl 

if — ® A^Oiu — ulJ AojJaJl jU-a.SU Aj%jl£xallj AjjLjtfll ^j-aljaJl A^ljJ J* jjjj U£ (l) 
— 9 (^11 frUll I g * ^> 1 t < ->1fl l Jo*j» (_Uaj du^. AjuOjII jUjyi QA l^ji (jSOoll Oulu 

j — 4 ^ lo__l (MPa) (^11 0*111 j (MPa) y 0 ^11 la* *>>11 l^lLajlia (OjUoj Jja. 




J — A — «_pUl <-J Ci\ Mil jJI f.\ jaJ Jau ^111 j Ajuuiliall AjjSjII jIja AaJ ^AiliJ 

. (JOlLjH 

— J| 4 — i l ni < u A — jjJLSII £ jLi Jjl Ait ^kucJl (jLjaj jja^I jil* Jjaa j ^aLu 

Jj| jl.i_„ t ull lia ja Jsu cl ip. cAjIIc Ajjjjaj AjjI£jji AiljS Call AjjI jAc. AaLlLi j i .*M i- 

tiljliJl (_> 1^ aJIc. CLlVj*-al (ji^all J (jJJ (J j Jill J£ 1^0*11 ULoj 
^ jll j CjI jIjjjJI (jc. AajUII «.l JjjjJI AaijjjSJl jl jaII dilLla J jaj (jJI jj J (jUI j 

oia-ju lDUj — U ilj jjVl Jib l$i jaj A-aUSlI jSl j ^1 AiL^/L jfyl Aj^Jal CjJ 
t5^| L$^$i L$J?^ tlijlill (ji (jl] AiLja'yb ^li jll (jUjjS AjI jaJ 

2 ^ b-j^i J «Vt (jj^Jj AjjxJI jIaaVI dAjjLa £_« Jcliu ^1 (jiaL^Vl <jjj£j 

.cilill ,jA ApjJI aAfrl jljiaJl ebull jlpJ jjA^j <jJ Lu> (jauaJI 

tAjjjVl u'jj! ^ J^f JJJS JjVjll (jli j£l l* ^Jl Ailjayij -A 

(-i* — Jaj < — i3j aJIa. A £ jail oAA jjjIj uicLjajjj AjjJ! cliljLi Aj^Ua AS^p. JliAio 

iS'*' “’ - 1 b»Jj A£jaJl slA (ji Aajj tAjjS^I j^jUaII aIaIaJI dllxuLyiVl j AjjjII 

b-^JC. g’l i n JjJ-a (— (^1] ba-a (jl jApl! AjUmll JLmIaaII j JjLuiLuibll 

.Jj4 ^ (^j cjl 1 1 ^ja Ato k J* i l l jial-Lall ^3 A-i-oli JSjillj a. J l AAllLka ^ JjA 

jjjjSi Jl jlj ±u AjjaVl ^jb^ll (> ^J-ixll J*ilU JjCls. La Ha j 4iljp.l u ±». j jl jljOaJl 

blUudDj ^51*11 ilbk jjLa j CiUua jin -n 

— IAjjVI vIiIa jjiLallj Obj-ojill ^1 uJLtall y AajLJI CjLuiIjJI ftlj^l i*J 

^jLJill — 1c. cjj*iil aJLo. AjjjVI ^UaII <uii Jjpll CjL-iIjJI -(I) 

W^ 4 ^ill L. 'tlil l jaUoa jAuiS J ^jbiKa j ^£1 Ajj3jia]I j£-aj AjjoII SiL.l l 

•Ajb*-al!j ^jmIIj ^!U1 Jjyi JjJaal J y*a jll (J Jj^l 

^jSjij tjAl jll ^j-Iajll ^ jjbU JaI£ (^jLm JjSjJ j Jj> tMj JaC. ~(Y) 

<. 'iM£ > ha 1 I JjAaol ^ jLoaaII jll dibkjl ^^lc. ^jaXoll l^La ^Lu ^ill 4«1*.A A \ l. «KH jaUxa 

. jjVi l*i« ^1 
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^UJI XppJ! U.1SS. cjU_p -(r) 

jWVI c ^ Jftn o^fcl 1 * ^ Sjj ^l ^ ^ ^ oWj , ^ 

ui-J yUl oUJI oLUp eliuSVl ^ JJS Jli dlij <J j ^ 
. jW^VIj lajLA, S^J ^ ^ ^ 

oUjJl ^ ^ J* «“» ^ J-j oul-Vi ,> aja ouLc - (i) 

' J-ijL ‘ ^ > 1 j° <i* «3». fjj M jt j&i pui ojj^I 

i-ui ±_n ij] p U i jL e usai ^ „a ^ ^ 

c^bu uu vja j ^ *. jwvi ji SJJ ^ ^ ouuVi ^ 

> Micro 0iles ^ <W>» V-i .» ^ ^ *ui jlpI 

•( A t p_JI ^ 

JjV apjpJI <*JUJj oaifflU JJill ^jlL^^I ^ Jjw oUj d .-.. ,. J -(0) 

"'' ^ JjS U 5jUj ^ J* ^Jh WppJj ipj^l ,j» ^ 

‘^.ai J WhA, c,ul,Vi <> jsj ^ j^ V) oy ^ cU) _ (1) 

•ouUpVi jc. fcjpjsn <jLc. pi ja.) ^ Sjjjpaii 



^ ^ U ‘^ UJI ^J 1 O'j^JI -(V) 

<-jai Sj . puj wicjj jui ^ . ,^1 j, . iJSjS ^ 

jU-Vi jai ^ja sap .IjpI tp^ujLLa^^ j ^ , Vlj 
‘ lj * ! ^ >> dii! Ap oli. ^ l^Jipj ipL cd JL 4L^ 

• l^i «lul1 SjIc.1 

OjII MjUp OjL >2 ipjpp Jxpi (JjiSJ* JLpS^VI uULc pljpJ -(A) 

* s ^“ c^l>i >2 Jj iAj)l\ ^jVi jl^Vl 

^uspp Pixta >a-Ac o* jip^u jjj, ^ ^ >w _ (1) 

v^i-t ogji-n Mia c^Vi o^ >j ^ jdj ^ 

MMIj jJ— SU 4yU OUL. p U l ,i AlUl u>p pxAHj y JjS obUSJI 

^ ** 0jSiIiJI Vjfcjl JiSb XX W> _, J^Ju yuj 
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J j_JI oULc. *UB jjLB Jtuj ^1 ^LJlj j^UJI cjLS^j 

.( Norman, 2000 ) jjjb ok 

Jj 1 jL_j ■'' ■ '<n (j' J^. .. >H Jjc.j ClAjaJajbU ^L«aVl ajltj OlLiLaC. — (^ *) 

SJjUJI ( jU 41 S_jkJ| J j^LuJI ( tlAjl Vi . «4 ) CjL£ ja JjJl ^LkJjj AjjLjII 

<1 f ja. J*cj jjVL JwauJI ^3^11 Ji-aillj JjaIjII CjLLc. ^ * jiaJI # U11 

.OUl! Ajjljjb«caj 4jjL*aJ 



References -v 



• Y ir o 3 Srulji! jb (Ajjtfl \SAZa* t (fMAo) tv »aLi3i JuL-i - 

_— sa. <ii — u) j_L. AjJ — J aa. A-JjJ AjjjUll £ jL5 <JjJ 4 (^ \\ A) 4y k ua j iaai - 

•SjAlSIt A**la t jlS/l AalS 4 <u 5L^| jl5Vl 4 jiL-aU aIL.j 

o* s3jAl_iII j_JuU Aa*l*ll wuSIl jlj ISaSlSoa (^MAf) i Lf xwaifl ^UiS Jjc jo*J| - 



.1A«l 

(AjjSVl Cjlia_j3l jjiJSl ^iJ jl^S AaalaJl Oajj AaS^aJI alaJ) 4 (^t . . T) t jU5Ll ^Vl ( jala - 
. Jjl_>4S iAaajjtill J4>u g- j>i- lAiUill a jljj 4 <uujU]| J ^tfll Jaaj aIIL 

jLJVl Jja—U J_2>« - ^Sj-all ^L>3 jaaVl jii. - (U ^ ^ j jfyl UL . jl&J ^Vl u -tyt l - 

.Aji«ai j Aa-^yi 

A—aJJI V . -A1 I jb 4 ( Aila_^JIj ^jal! jjL ) ^jUJI OljL*al ualaJ t (^ Mr) 4 JS|j j.oAljjj JJi - 

•*' <l O 3 ‘fciJiil'j J-—U 

‘«— 1 ‘( W- W^c. j 4ii£ ) ^uji m.) iOM \jx - 

•Vi u- 

J-J>3I tAiue. fJj Ajjj Jc. AiLljJ fj iJ M* ^ ^ A) jUc j JUC - 

• v ^ L>° ‘ JA-V- -lia-Jl itlLiull Jjab SjIc. 1 j ^JU 

(Ij^JI <ij) Ajja^all (jaiiiLI a^Lii jjIL. iiUaaj <j jll. ^Ijj t (T . . \ ) lU Ualc «jy,D JjC - 

• .S>un ^-la . jlSVl AjK ^jall ^ AJUaj »s jliLJI J 1 A\ y;jat liuki t( j'VW 
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^ ^ <’> oU “ Vl “ W«" Nja jm. .(,» • ■ «) ju - 

• ft u-*u-J-«(o« •) fSj Jjj, 

*>a «J .(,ma,) 

_ - S >^> * jlSVl US i^L-yi j\2Vi 

/* I <> U j5lj AjjaJl .LJ g-ujji SjAUi ,( f i M t) jl* .. 

J-^3I ojby ^1 j-3>H ^ d^JI <^ul£i <<JUJ| ^ ^SL-yi jBVi ^ ^ ^ tjJ 
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